Hospital tap water is a potential source of pathogenic bacteria associated with nosocomial infections. Infection control should include preventive measures to reduce the risk of waterborne infection. The efficiency of point-of-use water filters in infection control was assessed in the intensive care unit of a Hungarian hospital with long history of nosocomial Pseudomonas aeruginosa cases. All taps in the unit were fitted with disposable point-of-use filters. The incidence of nosocomial P. aeruginosa infections decreased from 2.71 to 0 cases/100 patient days when the filters were in place. Legionnaires' disease was not observed either during or outside the study period. Before the application of the filters, both P. aeruginosa and Legionella sp. were shown to colonize five of the seven taps. Filtration eliminated both bacteria completely, though secondary contamination was observed. Total genome restriction profiling of environmental and clinical P. aeruginosa isolates have shown the ubiquitous presence of a single genotype. The same genotype was detected in five of the seven previous nosocomial cases, which supports the assumption of water-derived infection. The results demonstrate that point-of-use filters are effective and cost-efficient measures in reducing health-care associated infections.
INTRODUCTION
Nosocomial infection is one of the most severe risk factors in health care, affecting up to 10% of hospitalized patients In Hungary, the incidence of Gram positive bacterial infections such as methicillin resistant Staphylococcus aureus has plateaued in the past decades, but Gram negative pathogens, especially multiresistant organisms are an increasing risk (Caini et al. ) . Among these, Klebsiella sp., The presence of chlorine or other disinfectants in the potable water may also give rise to multiresistant P. aeruginosa
strains (Muscarella ).
Legionella species -particularly L. pneumophila -is an emerging water-related pathogen. The aim of this study was to assess the role of the water distribution system in endemic P. aeruginosa infections in a
Hungarian ICU and efficiency of point-of-use filters in the control of waterborne nosocomial pathogens.
METHODS

Study setup
The study was undertaken in a 269-bed university teaching Water quality was monitored for 1 week before the installation of the filters to provide a baseline. The first set of filters was applied to all seven taps, and replaced after 2 weeks in accordance with the manufacturer's instructions.
In the second 2-week period, only five of the seven taps were studied, two were out of order due to a leak in the drainage pipe.
Patient data
The surveillance was carried out during the study period (4 weeks with point-of-use filters) and for 4 weeks immediately after the removal of the filters. The surveillance methodology was the protocol of the Hungarian National Nosocomial Surveillance System ICU Module (https://www.oek.hu).
Water sampling and analysis
The water samples were collected according to standard Human and environmental P. aeruginosa strains P. aeruginosa strains were isolated from the ICU patients showing clinical symptoms (trachea discharge, wound discharge and abdominal wound drain were sampled).
Asymptomatic colonization was not investigated. The isolates included in the study were randomly selected from all strains isolated in the period from 2 weeks before the application of the filters to 4 weeks after the removal of the filters. The environmental isolates were obtained from positive water samples (n ¼ 76). 
Typing of P. aeruginosa strains
RESULTS
Prevalence of nosocomial infections in the ICU
During the investigated period, P. aeruginosa infection was Table 1 . The number of cases/100 patient days recorded in the period without filters (4 cases) was similar to the long-term prevalence data in this unit (2.71/100 patient days). Incidentally, newly admitted patients in the study period (with filters) did not carry P. aeruginosa infections either.
Legionnaires' disease cases were not reported either during or outside the study period.
Water samples
The water pressure was between 0.7 and 1.6 bar, the maxi- . In the study period, incidence (2) was lower than in any other interval in the above time frame, and both cases started before the study period.
wards was 280 CFU/100 mL. Legionella sp. prevalence and titer was lower in the cold water samples (6/24 positives, 2-30 CFU/100 mL).
The heterotrophic plate counts of the flushed samples were generally below the Hungarian public health limit value (2/48 and 5/48 samples were non-compliant for colony count at 22 and 37 W C, respectively).
Five sets of samples were collected from the taps with point-of-use filters installed, immediately, 1 week and 2 weeks after the application of the first filter set (Week 0, 1 and 2), and 1 and 2 weeks after the application of the second filter set (Week 3 and 4). In the first round (Week 0, 1 and 2), all samples were negative for all investigated microbial parameters. The same applied for the first sampling with the second set of filters (Week 3). However, in the last sampling (Week 4), P. aeruginosa was detected from two of the five taps installed with filters in the immediate samples (>300 CFU/100 mL on tap 1 and 4). The heterotrophic plate counts were also high. Flushed hot and cold samples were negative. Immediately after the sampling, the filters were removed and the taps were resampled. Tap 1 was negative for P. aeruginosa, as it was at all previous samplings.
Characterization of the P. aeruginosa strains
During the study period, 76 environmental and 9 human P. aeruginosa isolates were collected. Four different phage types were detected among the environmental strains, five types among the clinical isolates. Based on pyocin production, 10 and 2 types of environmental and clinical strains were differentiated, respectively (data not shown).
Serotyping resulted in three groups of the human strains and two among the environmental isolates; serotype O1 being the most abundant (78 and 52%, respectively) ( Table 2 ).
The clinical isolates and selected environmental strains were characterized further with PFGE using SpeI total The majority of the environmental P. aeruginosa strains were sensitive to all tested antibiotics. The strains belonging to cluster Psa015 (both clinical and environmental) share a common antibiotic resistance profile: sensitive to beta-lactams and fluoroquinone but resistant to aminoglycosides to various extents. The other (non-water-related) human isolates showed diverse resistance patterns, but none of them were multiresistant.
Characterization of the Legionella sp. strains
From the water samples, 23 Legionella strains were isolated during the study. There were no clinical isolates.
One isolate was identified as L. pneumophila sg. Legionnaires' disease was not diagnosed either during or outside the study period, though legionellae were present in the water distribution system, and the hot water temperature was in the optimal range for their proliferation. The detected Legionella concentration is above the limit of intervention defined for hospitals in most EU countries (Exner et al. ) . In Hungary, there is currently no regulation for Legionella monitoring or risk assessment in hospitals or other drinking water systems. However, though the hospital has never reported Legionnaires' disease cases, the positive water analysis data may raise awareness and facilitate the diagnosis of previously potentially overlooked infections (Stout et al. ) .
Point-of-use filters were capable of the complete elimination bacteria, including both investigated pathogens.
However, the positive results for P. aeruginosa on two taps with filters in Week 4 indicates that secondary (retrograde) contamination of the water outlets is also possible.
The strain isolated from the filters was a unique type, not isolated on any other occasion, confirming the hypothesis of external contamination. Though filter housing material incorporates silver which acts as a bacteriostatic, it will not provide a foul-safe barrier to retrograde contamination (Vonberg et al. ) . The source of the contamination was not identified and there was no similarity to clinical isolates either.
In conclusion, point-of-use filters were found to be an effective method for the control of water-derived nosocomial P. aeruginosa infections. Cost-analysis comparing antibiotic expenditure and expenses of regular filter replacement also proved filters to be cost-efficient means of infection prevention. They also provide protection against other waterborne pathogens, including Legionella. This is an important additional benefit as in the absence of recognized infections, there are no targeted interventions against these organisms.
